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Introduction 4<ss

DY) W el by Wal Cigpae o o8 45i)lia 58 2s o ob g pedl @) Juadl e
alail) aal e yey 35 (Binary Number System) dlacSU U AUl Zudyally Jolss Cgu
138 agd e oSas Sy (Digital Electronic Circuits)asd)ll 4, fSIV) jSlsall 3 deadiil)
(Decimal Number system) dacSU gyfall 2l 4755 )\ia) 258 Coguseaniall (ganall L)
8 558 pleaiig (hAT plase olallas @llia slaeSU Slal JUaill ) 2Ly, Wal cagllall
ool JUills (Octal Number  System) slae3U LN 2l Laay &l )l il 5SN)
g SN 6 aly Bl e ALl SaeY) axaius s (Hexadecimal Number System) yie
Ali V) de pene Jfiai b yde bl 5 A LA slae ) ada aadi s LaS calalally Al
CSlaly aadll e aaiad LelSy bl 8 Ul 5)6S3all A oaall adasl) (S alasin) Liay s 4 500
Alacl) A el



ool Al gihal (as (sanell AUl Lgie 4300l jualiall 5 jsa)ll dae g zpubud) ael)
: J.:i.ﬁ ouL.J'l_g {é.JLAﬂ]J L_&.SU’.BH emllj

Lala¥) ST 55 (9) ) (0) (e BNV Alaill V34 a3y —:decimal Number (g ydall Ul
sl e (gsing ) aaall Jiadl dgpall 5, aadtsy JUail) 13 Gulal iy (10) 20edl 5 Y lextind
Cilydially MaVL fay A6, 3383 () (gpusl) 2aall e mamaall daed) G Suall (Say @iy gyl

o 1 2 3 4 5 6 T 8 9
10 11 12 13 14 15 16 17 18 19

tol LSy LipuS 5l lagaa daed) (SH elgu (gpulindl plaill alasinly sxe o Jia (Say

maaall ¢3all SN ¢3al)
102 10" 10° 107" 107 10~
100 10 1 0.1 0.01  0.001

------------

iiiiiiiiiiii




e O de Al

\ 1/

(275 )10

102 100 10°

Sl Gl i dal e Gwe e A e a il e

NN LT

(394 . 246 )1

7T INN

ot 10° 10t 10= 107
100 10 1 /10 1/100 1/1000



adull Cobyall J) aldas S0y 7654.23 (g ydall 2l 2 Jlhig

7654.23\‘
7 x 10° 6x 10° 5x10" 4 x 10° 2% 107 3 x 107
! ! ! ! | !

7x1000 6 x 100 5x10 4 x 1 2 x1/10 3 x 1/100



2 A anlad oS5 ki (1 50 ) Gpesl) pasiog 32Ul a5 —:Binary Number (AUl aUsdl)
A0l dda Gld Lganhy & daulall B GULL )a) deadiiall paliall alaes (g

0 1

10 11

100 101 110 111

1000 1001 1010 1011 1100 1101 1110 1111

128 64 32 16 8 4 2 1
11|11

27 26 25 2% 23 22 21 20
128 64 32 16 8 4 2 1
1

._..
-
[



: adiha I (110.101); 232l Julail ; JUSg

(110.101),

///\\\

122 1x2' 0x2° 1x2!' ox2?% 1x27

(110.101), = 0x2° + 1x2" + 1x2% + 1x27" + 0Ox27 + [x2°

128 64 32 16 8 4 2 1 0.5 0.25 0.125
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Yt

0o [1 [2 [3 |4 |5 |6 |7
10 |11 12 [13 |14 |15 |16 |17
20 |21 [22 |13 |24 |25 |26 |27




asihe I (203.65)g saall Jls : JUg

(203.65)s

7 N\

2x8 0x8 3x8  exg' 5xg?

(203.65)5= 3 x8" + 0x8' '+ 2x8 + 6x8' + 5x8§”
=3x]l +0x8 +2x64 +6x1/8 +5x1/64



01 sl e 5Sus 16 23e]) 4kl o3 LUl 585 —:Hexadecimal Number jde (juiludl aUail)
A, B, C,D, E, Fbsall Jaziai 100059 a8 ) W s g (A 2ally jaies Sua [1560...e.. 26 1
MY an 10 58 allazll il PE_,SH i amy -_ﬁgi ¢ F a2l Ll

o1 23745767879 loa)iBI2C)I3D)14E)5F)

10 |11 |12 |13 |14 |15 |16 |17 |18 |19 | 1A |1IB |1C | 1D | 1E | 1F




P adhe N (BALTF)ie 22all da: Jlo

(3A1.7F) 4

] N~

- -2
3x16° 10x16" 1x16° 7x16' 15x16

(BAL7F)s= 1x 16" + 10x 16" + 3x16% + 7x 16" + 15x 167
= 1x1 +10x16 + 3x256 + 7x1/16 + 15 x 1/256



alalll ada 08 o) OSas 7591
AdALl) Crada (6 () OSas 551

alall) e 098 () Sy 101



dadaiyl L (S sl ?M\ Cra gl
Binary @M\ e\.ﬁ:.'d\ ) Decimal Lg).uzj\ ?M\ O Jasadll oY

23a)) Aawdy agis AU Uil ) gpdall alaill e dae gl sl (gl —igmaall aadl Al B
o iSys AoV ) Jial e 20al ehiiyg Aandll 8L Qs 25 (2) AU HUa el e Cilye sae
el (Mol

o alail) ) gplall ol e (35) el Jsailia
(35),, = (100011), : S
ol |aaadl 3L

35
17

o =N B o0
— e D Dt e




AU aUaY ) 1341 (s dall dml) Jsa 1 Jla

1341/2 = 670 [ s e +
670/2 = 335 0 ———————————————— + |
335/2 = 167 k e T
167/2 = 83 [ s e =1 & |
83/2 = 41 L msmmmmmmmme N
42 = 20 I =—em——— S N I
20/2 = 10 D ——=——————= + |
gz = 5 0 ———————- =03 Fd ¥ i
5/2 = 2 [ =m———— = 1 b4 kd Ll g
242 = 1 @ ==== 0 7 09 b0 T N

12 = 0 1 --+ 11 1 1 1 1 I 1 I |(Stop when the

1111 1 1 1 I | gquotient is 0)

10100111101 (BIN; Base 2)

10100111101  :Jad



g_j L_JH L_i)’"“SH ;__')9.” Ln'l L__;JL::- ?...ui_._l C..ﬂn..-.ajl s;},a-n :_},-},-!5__}3 JS-:“ )—'-"S-“ hﬂ _:-)“'"sn ;L“A 9’5 o

oY) a
el

2 13

2 6

2 3

2 |

2 0

Jenall 321 ae (2) 4dl) Jpaias o3 aldaill b

S Uil ) gpdall QU e (13.25), 22l Jsar e

Sl g5l

0.25%2=
0.5%2=
0%*2=

:dall
Jaalll
05 O
1.0 1
0 0

(13.25),, =(1101.010),



Octal Sl Uaill I Decimal ¢s sl aldaill (e Jysaill : Lilh
) alasll ) gydiall QUaill e Jygadll dglasad dgaliia Sl HUadll ) (gpdiall alaal) e Jygadll Ailac

8 (o andi Cagu Ulall 028 & 43l )

(33),, = (41),: Ja)

u__,[_“& || 2aall q'él_],l', A
8 33 1
8 4 4




Al AT N 1341 g dal) amll Jea 1l

1341/8 = 167 5 ———————- +
167/8 = 20 7T - + |
20/8 = 2 4 ————4 | |
2/8 = 0 2 ==+ | | | (Stop when the quotient 1s 0)
I
2 4 75 (OCT; Base 8)

2475



b i (el sl Ll (gole s maaall ejall adie S8 sl Mg Al B

o)

Jaaall 31 ae (8) 4l Jsaiu A alaill Ll

Sl sl ) gydal) alaill e (13.41), 222l JsarJlia
Jadl
Sl gsall

0.41%8= 3.28

0.28%8= 2.24
0.24 *8= 1.92
0.92*8= 7.36
0.36%8= 2.88
0.88%8= 7.70

~N N =N W

(13.41),, = (15.321727)4

daid Cilpe 5.0 3 e 235 Jesall sl Il G830 <5013 cAaadla



Hexadecimal e (wilull il 3 Decimal (s ndiall aldaill (pa o gl ;G

ALaill Y g pial) Al e Jagnll dileal dgaliia e bl AUl ) (g pdiel) GURS e Jyentl dilac

16 o audi Coges Allall o3a 8 asl YY) LN S L
b
¢ e el alill ) gplall Uil pe(210) 21 Jea(]

el [l AL
16 210 2
16 13 13(D)
0
(210),, =(D2),,
¢ sde geald) Al ) olall sl e (27)22al) Jgaf2
el |aaadl S
16 27 11(B)
16 11
0

(27)yy =(1B)4




e gudld) a3l N 1341 g dad) dad) Jea 1 Jla

1341/16 = 83 13 —————- +
83;16 = 5 T e
5/16 = 0 5 ——+ (Stop when the quotient is 0)

|
|
|
D (HEX; Base 16)

e pudlad) iy 53D sl



by

16
16

k)

16
16

minall

13
10

-

s

oSl aaal) s 3

¢ pie adand) Uil ) gplall Jdaill a(173.45) saadl Jgaf3
Sl el

Lasall

0.45*16= 7.2 7
02*16= 3.2 3
0.2*16 3.2 3

¥

(173.45),, = (AD.733),,

¢ e gelld) Qladll ) gpdall AUaill (e (100.967) 220 Jsa(4
Sl g jall
Jaaall

0.967*16= 15472 15(F)
0.472*16= 7.552 7
0.552*16 8.832 8

(100.967),, = (64.F78),,



S Suadly
95l sl

o 8 Sacy B A8 8 Lsgana o Sty (B o+ ¢ ) (pidlayiplls ghs Lol pl i
B Ao ol

(+) &2l Adae a3 OR 4l
(.) wal ddes 3 AND ol

H9sd) sl clba

P1) A+B=B+A A.B=B.A

P2) A+BC=(A+B)(A+C)
A.(B+O)=(A.B)+(A.C)

P3) Al oL g+ Gileall Ll 1 50 olilida Glasa Glpais dag
A+0=A -Al=A

P4) O ésm A€B jaic 55 A€B yais
A+ A

Il
[—
=
PN
I
(—]



1- A+1=1

4- A.A=A

7- A+ AB=(A+B)

10- (A+B)(A + B)=A
13- A.(B.C)=(A.B)C

16- (A+ B)= A.B

95l sl pal s

bl g Aosd) pall (alss b Lad

2- A.0=0

5- A+AB=A

8- A(A+B)=AB

11- AB+AC=(A+C)(A+B)
14- A+(B+C)=(A+B)+C

17- AB=A+B

3- A+A=A
6- A(A+B)=A
9- AB+AB=A

12- A.(B+C)=AB+AC
5. A=



- |
- |
— |

A+A=0+0=0
A+A=1+1=1

A+A=A
A=A+0

=A+(A.A)
=(A+A)A+A)
=(A+A).1
=A+A

P3
P4
P2
P4
P3

tlgia (3 b Bam ALl Cuilgll) Gl oSay

el dayh -

-y

A+A=A O AR

Al dds k-2

A+A=A O AR
A=0 ) payl
A=1 ) gai

sl sl Gals plasiuly -3
A+A=A U AR




pdasd) ) palsd aladiuly Alad) Cpuldl day Al Eua

s oylayal)
1- A+1=1
I1=A+A P4
=A+(A.]) P3
=(A+A).(A+1) P2
=1.(A+1) P4
=A+1
2- A.0=0
(1) Clay 4lda glasdl
3-A+A=A A
Ao P3 0=A.A
—A+(AA) P4 A (A1)
=(A+A)A+A) P2 “(ALA)HAL0)
=(A+A).1 P4 =0+ (A.0)
=A+A P3
=A .0




4-A. A=A
A=A.l

=A.(A +A)
=(A.A)+(A.A)
=(A.A)+ 0

= A.A

5- A+AB=A
A=A .1

=A ,(B+1)
= (A.B)(A.1)
=(A.B)+ A

= A+(A.B)

6- A(A+B)=A
AA + AB)

=A+AB
= A(1+B)
=A .1
A

P3
P4

P2
P4
P3

P3

P2
P3
P1



7- A+ AB=(A+B)
A+AB=(A+A).(A+B) P2
=1.(A+B) P4
=(A+B).1 P3

=A+B

8-A(A+B)=AB
A.A+A.B
=0+A.B
— A__B

9- AB+A B=A
AB+AB=A.(B+B) P2
=A.1 P4
=A P3



10-(A+B)(A + B)=A
(A+B).(A+B)=AA+ AB+AB+BB
=A+AB+B)+0
=A+A.(1)
=A+A
=A .
11-AB+ AC=(A +C)(A+B)
=(A+C)(A+B)
=A.A+ AB+ AC+BC
=0+ AB+AC+BC
= AB + AC +BC(1)
= AB+AC+BC(A+A)
= AB+ AC+ ABC + ABC
= AB(1+C)+ AC(1+B)
= AB(1)+ AC(1)
= AB+ AC

12- A.(B+C)=AB+AC
A.(B+C)=A.B+A.C



chiall J)gal duaildl) bl

Standard Representation for Logical-

Gaiall Glpudia liSy ghaiall Jlgo J8 (e ddajiiall il ) alaial) Cpiie AN ghial) Jlga oo e
Al dsall alasiuly shia Al o 08 pardl) ¢Sy AlE) Wihua B eSS

Glyg paal) ggana ) sum of product yaisa LA (sop) Slalidll £y dipa —1
ab

}ﬂb + cd
cd

Product of sum &bl cig yaa (pos) asalaal) il dasa -2

dsulidll pos Arua ,__'5_9 (minterm) Sy aall duwldll sop Aruas il haa JS Sy
(maxterm) ,sY) il



: Jlia

Jlgaad) B 3lhana {;i Bagasa 9S8 Ll oayddi f ol XY,z (R Slyiia EME G G eSIT Byila Lgal sl
(maxt) 9 (mint) Ay gl addad gl“ da i) oA f <)juadial) ?515 2

tdaga ABadla
maxt Js 2 adll pdald f=0 Laxic Ll mint Jgea 2 all pid f=1 Laxic

Jsii minterm ALy
A 0 A Al yaiall Lol hid A g4d A=1 paindl Jia 4udi paind) g2 1 Adaill od)) juaisl) ()
?.dhubdzjﬁjA=0ﬂ:ﬂ-“dinM'l?A:la

Js& maxterm gy




input  output

—
x|y |z |[f | mint | maxt
010(010 xtytz |Pos=(x+y+2)(x+y+Z2)(x+y+z)(x+y+27)
00[1[1|X)z (X+7+7)
0[10]1|XyzZ - Moy M3 My Ms My
0110 X+y+z2 maxterm  T1(0,3,4,5,7)
1(0(00 X+y+z Sop=Xyz+Xyz+xyzZ
10110 X+y+2z =mi+ m2 +me
1[10[1]|xpyzZ minterm =Y m(1,2,6)
11110 X+y+2
T T
1 e 5S|[0 e s

tdaga ABadla

maxt Js 2 adll pdald f=0 Laxic Ll mint Jgea 2 all pid f=1 Laxic




4l dl) (SOP ) 4aa ) (SOP ) ddma Joga

o2 Bagagall ypaal) o (and)(s) Aales slaly  Anuldll (Sop) dsa I (Sop) disa Jisad (Say
o al) ) B o ad A Lhlaaiag Slpiall (or)( ) Ales sl (e AdgSiall gaad) il
Ohsriall Lady ¢ lgaga (A)2adl s 13} (C) 5 (B) 9 (A) it &0 Ga ¢ Siall paadll i o Jla
(A) 230 o pgd (5) Abes @i (C+C )3 (B+B) cwind 0555t uasasa 1 (C) 5(B)

trt b e Juaad Al

A.(B+B).(C+C)= ABC + ABC+ ABC + ABC

dauldll (sop) disa ) 45 Aslaal) Joa Jla
Y = AB+ AC + BC

== Jal

Y=AB(C+C)+ AC(B+B)+BC(A+ A)
= ABC + ABC + ABC + ABC + ABC + ABC
= ABC + ABC + ABC + ABC




Al dl) (POS ) dasa ) (POS ) e Jo 5o

393all o (OR)(4) dAles shabs Al Winua ) (Pos) Aia Jusad (-Sa Ak skl (udiyg

lagasa 098 Y L daaiag itall (and) () 4eles £l (o AgSiall dgaall aa il B 5agagal

hid (A) 2al) Gls 1318 (C) 4 (B) g (A) Clpiia LD g3 s ¢ ld o JUBa Lal) jpsh
bl (o Juand dliyg ¢ (A) s g (5) Biles 1! (g5 2 (C.C) 5 (BLB) Gl 0153 Nasaga

A+B.B+C.C

(A+ BB +C)(A+ BB +C)

(A+C+BB)(A+C +BB)= (M + B)(M + B)(r + B)(r + B)

(A+B+C)(A+B+C)(A+B+C)A+B+C)

dzulidl) (pos) disa ) Aaleall Joa :Jla

(A+ B)(A+C)(B+C)

-0 Jaldl
Y=(A+B+CC)(A+BB+C)(AA+B+ ()
=(A+B+C)(A+B+C)(A+B+C)A+B+C)(A+B+C)(A+B+C)
=(A+B+C)(A+B+C)(A+B+C)(A+B+C)




a3 sop pos s maxt g mint 448al) Jgaa aa ¥V = (A+ BC)(B + CA)sLal Ghid) ddalas (a

.5ylall PRYY fn.u_;i
| Iy -
Y= (A+BC) (B+CA)
| r 1
Y= AB+AAC+BBC+ABCC
Y=AB+AC+BC+0
Y=AB(C+C) + AC(B+B) + BC(A+A)
Y=ABC + ABC + ABC + ABC + ABC + ABC ¢ sane SOP isn ol
Y= ABC + ABC + ABC + ABC < Tole e S0 Sl padd

e

111 110 100 011
7 6 4 3



A | B|C|Y | mnterm | maxterm
0l 010|010 A+B+C
1000110 A+B+C
21 0 0|0 A+B+C
300 1 ABC
4111010 ABC
501101110 A+B+C
6| 1 0 ABC
71 1 1 ABC

Y= (A+BC) (B+C A)

SOP=>m (7,6.4.3)

POS=T0 M (0. 1,2, 5)




chiall J)gal duaildl) bl

Standard Representation for Logical-

Gaiall Glpudia liSy ghaiall Jlgo J8 (e ddajiiall il ) alaial) Cpiie AN ghial) Jlga oo e
Al dsall alasiuly shia Al o 08 pardl) ¢Sy AlE) Wihua B eSS

Glyg paal) ggana ) sum of product yaisa LA (sop) Slalidll £y dipa —1
ab

}ﬂb + cd
cd

Product of sum &bl cig yaa (pos) asalaal) il dasa -2

dsulidll pos Arua ,__'5_9 (minterm) Sy aall duwldll sop Aruas il haa JS Sy
(maxterm) ,sY) il



: Jlia

Jlgaad) B 3lhana {;i Bagasa 9S8 Ll oayddi f ol XY,z (R Slyiia EME G G eSIT Byila Lgal sl
(maxt) 9 (mint) Ay gl addad gl“ da i) oA f <)juadial) ?515 2

tdaga ABadla
maxt Js 2 adll pdald f=0 Laxic Ll mint Jgea 2 all pid f=1 Laxic

Jsii minterm ALy
A 0 A Al yaiall Lol hid A g4d A=1 paindl Jia 4udi paind) g2 1 Adaill od)) juaisl) ()
?.dhubdzjﬁjA=0ﬂ:ﬂ-“dinM'l?A:la

Js& maxterm gy




input  output

—
x|y |z |[f | mint | maxt
010(010 xtytz |Pos=(x+y+2)(x+y+Z2)(x+y+z)(x+y+27)
00[1[1|X)z (X+7+7)
0[10]1|XyzZ - Moy M3 My Ms My
0110 X+y+z2 maxterm  T1(0,3,4,5,7)
1(0(00 X+y+z Sop=Xyz+Xyz+xyzZ
10110 X+y+2z =mi+ m2 +me
1[10[1]|xpyzZ minterm =Y m(1,2,6)
11110 X+y+2
T T
1 e 5S|[0 e s

tdaga ABadla

maxt Js 2 adll pdald f=0 Laxic Ll mint Jgea 2 all pid f=1 Laxic




4l dl) (SOP ) 4aa ) (SOP ) ddma Joga

b Basasall agaall o (and)(s) Aoles slals  Aulidll (Sop) dsa ) (Sop) Adsa Jisad oSa
) aad) A oSS Al A Lghladiag Glmadall (0r)(8)) Ales sl O AdgSial) agaad) aa

dauldll (sop) disa ) 45 Aslaal) Joa Jla
Y = AB+ AC + BC

- Jall

Y=AB(C+C)+ AC(B+B)+BC(A+ A)
= ABC + ABC + ABC + ABC + ABC + ABC
= ABC + ABC + ABC + ABC




Al dl) (POS ) dasa ) (POS ) e Jo 5o

352l o (OR)(5) doles #haky bl Wi ) (p0s) Dissa Juypad crSas Ayl pui
Jaganga Oyosa Y q;:ﬂ\ 4aaiag juiiiall (and) (J) a—_}lﬂﬁ- sl (e :LUSla.“ 3 gaad) - aaril) gﬁ 546 gall
cld e Jla L) )

dauldll (POS) e M ddalzall 5o :Jle

Y=(A+B)(A+C)B+0)

- Jall

Y=(A+B+CC)(A+BB+C)(AA+B+ ()
=(A+B+C)(A+B+C)(A+B+C)A+B+C)(A+B+C)(A+B+C)
=(A+B+C)(A+B+C)(A+B+C)(A+B+C)



minterm & maxterm -2 A&l Jea-] a0 X = A (B+C) Al daladl e s JUa

daalaia 3 il JS& o3le ) Aaladl) o ) 4 POS 5 SOP 4laxs-3

ol U3 ) Alslaall Jysai Vo) oy 2

=AB+B)(C+C)+BC(A+ 4

= (AB + AB)(C + C) + ABC + ABC

X = ABC + ABC + ABC + ABC + ABC + ABC S

X=@+@+@+@£+’ﬁ\.sopmw
011 010 001 000 110 1 o 5SA
3 2 1 0 6

AN X gAY ded

1 =é\3.d\olbd.b




input

A | B | C| X | mnterm | maxterm
o0 |0]|O0]| 1| ABC
110|0]|1] 1| ABC
2|1 0| 1|0]| 1| ABC
3011 1] ABC
41 1]10]01]0 (A+B+0)
5/ 10110 (A+B+ ()
6|1 |1|0]| 1| ABC
711 [1]1]0 (A+B+0)

POS=(A+B+C)(A+B+C)(A+B+0)

POS=mtM (4,5, 7)

SOP = ABC + ABC + ABC + ABC + ABC
SOP =5Sm (0,1,2,3,6)

X=A.(B+C) 3 dadl o

s
E AfD—'—Dﬂbﬁ_}X




minterm & maxterm -2 d&élldsa-] x> F=(A+B)(B+C0)(A+ () Al dilad) o ; JUa
dadlaia 3 iy JS4 o3le ) Adalaal) o)) -4 POS 5 SOP 4alxs-3

F=(A+B)(B+C)(A+0) ol 88 M Al s Yl oy )

F=(A+B+0)(B+C+0)(A+C+0)
F=(A+B+CC)(B+C+AA)(A+C+BB)

b )

F=A+B+0OA+B+0O)B+C+AB+C+ADA+C+B)A+C+B)« s

F=(A+B+C0O)(A+B+C0)(A+B+C)(A+B+C)(A+B+C)(A+B+C) <
J

F=(A+B+0)A+B+0A+B+0O)[A+B+0)A+B+0)

Y POS Adalaa
010 011 000 100 001 0 s Jus Al

2 3 0 4 1

\ F gl AY dad

0 =é§\}d\ahﬁs




input

A | B | C | F | minterm | maxterm
O 0|O0|O0O]O (A+B+C)
1/0[0]|1]0 (A+B+0C)
20| 1]0]O (A+B+C)
3]0 |1 |1]O (A+B+C)
al11ololo (A+ B+ ()
5/1 (0| 1] 1] ABC
6|1 |1]|0|1]| ABC
7| 1 1 1|11 ABC

POS=((A+B+C)(A+B+C)A+B+0)
(A+B+C)(A+ B+ ()

POS =1t M (0,1,2,3,4)

SOP = ABC + ABC + ABC
SOP =Sm (5,6,7)

F=(A+B)B+0)(A+C) ;4 doladll au

_}F
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Logic Gates

The term logic gate actually gives a clue as to the function of these devices in
an electronic circuit. ‘Logic’ implies some sort of rational thought process
taking place and a ‘gate’ in everyday language allows something through
when it is opened.

A Logic Gate in an electronic sense makes a ‘logical’ decision based upon a
set of rules, and if the appropriate conditions are met then the gate is

opened and an output signal is produced.

1.The NOT gate (or inverter)

This is the simplest form of logic gate and has only 1 input and 1 output. So
how can it make a decision if it only has 1 input ? Simply the purpose of this
gate is to invert the input signal so if a Logic O is at the input, the output will
be at Logic 1 and vice versa. The symbol for a NOT gate is as follows.

The output of a logic gate can also be summarised in the form of a table,
called a ‘Truth Table’. The truth table for a NOT gate is the simplest of all
Truth Tables and is shown below.

Input Output

A Q

0 1
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2.The AND gate.

We will start with a 2 input AND gate. The symbol for a 2 input AND gate is as

follows.
A |

The truth table for the 2 input AND gate is shown below.

Inputs Output
Q

= = OO0

A
0
1
0
1

—~ OO0 |0

We can see that the output is only at a Logic 1 when Input A AND Input B are
at a Logic 1.

Now we will consider a 3 input AND gate.
The symbol is:

Inputs Output
C B A Q
0 0 0 0
0 0 1 0
0 1 0 0
0 1 1 0
1 0 0 0
1 0 1 0
1 1 0 0
1 1 1 1

We can see that the output is only at a Logic 1 when Input A AND Input B
AND Input C are at a Logic 1.
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3.The OR gate.

We will start with a 2 input OR gate. The symbol for a 2 input OR gate is as

follows.
A
e

The truth table for the 2 input OR gate is shown below.

Inputs Output
Q

= = OO0

A
0
1
0
1

=== O

We can see that the output is at a Logic 1 when Input A OR Input B OR both
are at a Logic 1.
Now we will consider a 3 input OR gate.

The symbol is:
A Q
B
C
Inputs Output
C B A Q
0 0 0 0
0 0 1 1
0 1 0 1
0 1 1 1
1 0 0 1
1 0 1 1
1 1 0 1
1 1 1 1

We can see that the output is at a Logic 1 when either Input A OR Input B OR
Input C OR any combination are at a Logic 1.



h

Logic design lec(2) Eman Fathi Ahmed

4. The NAND gate.

We will start with a 2 input NAND gate. The symbol for a 2 input NAND gate

is as follows.
A |
Q
B |

The truth table for the 2 input NAND gate is shown below.

Inputs Output
B A Q
0 0 1
0 1 1
1 0 1
1 1 0

If you compare this truth table with that for the AND gate, you will find that
the output Q is the exact opposite to the AND.
The Boolean expression for a 2 input NAND gate is

As before the ‘.’ between the A and B means AND, and
the ‘bar’ means invert the output in Boolean Algebra.

Now we will consider a 3 input NAND gate.
The symbol is: A

B | Q
c_|

Inputs Output

RlR|R|~r|lo|lo|lo|oO
Rl |o|lo|r|—|o|lo
R|lo|lr|o|r|o|r|O
OlRRIRIRIRIR|F
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5.The NOR gate.

We will start with a 2 input NOR gate. The symbol for a 2 input NOR gate is as

follows.
A
>
B

The truth table for the 2 input NOR gate is shown below.

Inputs Output
B A Q
0 0 1
0 1 0
1 0 0
1 1 0

If you compare this truth table with that for the OR gate, you will find that
the output Q is the exact opposite of the OR.
The Boolean expression for a 2 input NOR gate is

O=A+B
As before the ‘+’ between the A and B means OR and the ‘bar’ means invert
the result in Boolean Algebra.

Now we will consider a 3 input NOR gate.
: B Q
The symbol is:

Inputs Output

w
j@)

RRrRRIOlOlO|IO|O
RlR|lOo|lOo|R|—|O|O
R OlR|O|R|O|IR|O|>
ellelleolleoliiolieolNoeN) )
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6.The XOR gate.

The EXOR gate has 2 inputs and is a specialised version of the OR gate. The
symbol for a 2 input XOR gate is as follows.

=

The truth table for the 2 input XOR gate is shown below.

Inputs Output
B A Q
0 0
0 1 1
1 0 1
1 1 0

Comparison with the 2 input OR gate will reveal that Q is a Logic 1 when
either A or Bis a Logic 1, but not when A and B are Logic 1.

The Boolean expression for a 2 input EXOR gate is
O=A®D®B
alternatively QO =A.B+ A.B
The ‘©’ between the A and B means Exclusive OR, however the alternative

form will prove to be more useful later on in the course when simplifying
Boolean expressions.
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7.The XNOR gate.

The XNOR gate has 2 inputs and is the inverted form of the EXOR gate. The
symbol for a 2 input XNOR gate is as follows.

A
) >
B

The truth table for the 2 input XNOR gate is shown below.

Inputs Output
B A Q
0 0 1
0 1 0
1 0 0
1 1 1

If you compare this truth table with that for the EXOR gate, you will find that
the output Q is the exact opposite to the EXOR.

The Boolean expression for a 2 input XNOR gate is

O=A®DB
alternatively Q = A.B+A.B

The ‘ ©’ between the A and B means Exclusive OR, and the ‘bar’ means that
the result is inverted. Once again however the alternative form will prove to
be more useful later on in the course when simplifying Boolean expressions.
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Example 1 :Draw the Boolean expression

Q=AB+C

B

Stage 1 : Stage 2 Stage 3

Example 2 :Draw the Boolean expression Q=(AB+C)+(AB).C+D)

§+D (AB).(C+D)

C_3+D§

Ol

Stage 1 Stage 2 Stage 3 - Stage 4
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Example 3: write the Boolean Expression for the output of the

following logic systems.
A @_y

Co Q=

Example 4: write the Boolean Expression for the output of the
following logic systems.
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Example 5: write the Boolean Expression for the output of the
following logic systems.

e
B —
- ) >
c@—% }
B




